Introduction
An implantable mechatronic microsystem is an innovative approach to restore the accommodation ability after cataract surgery or in case of presbyopia. A lateral-shift optics has been shown to be suitable for such an Artificial Accommodation System. Two lenses with conjugated polynomial surfaces are shifted against each other laterally to the optical axis for change of refractive power. Shifting of the lenses has to be performed by an actuator subsystem of the implant.
Methods
An solution based on a piezoelectric actuator and a planar silicon linkage was designed for a demonstrator of the implant on a scale of 1.2:1. Finite element analysis was conducted to calculate the deformation and to optimize the performance of the linkage.
Results
The designed actuator system incorporates a multilayer stack actuator that is almost completely integrated into the planar silicon linkage. An optical displacement sensor is integrated for position feedback. The actuator system requires virtually only a thin slice of design space facilitating a compact implant most similar to the shape of the natural lens.
The linkage is based on a novel compliant mechanism that realizes three essential functions: suspension and non-tilting displacement of the lenses, a synchronized movement of both lenses, and amplification of the piezoelectric actuator's displacement by a factor of about 45. Simulation results prove a very precise positioning and displacement of the lenses. Material stresses in the silicon linkages are uncritical even during a shock load of 100g.
Avoiding any solid friction with the resulting abrasion, using wear-free single crystal silicon, and employing industrially established piezoceramic actuators, the actuator system is designed for high durability and high reliability.
Conclusion
An actuator system was designed on a scale of 1.2:1 that meets the requirements of an Artificial Accommodation System. The linkage is intended for fabrication by a deep reactive ion etching process (DRIE) suitable for series production.
